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Abstract 
To analyse in detail the influence of many attributes of service quality on mode choice in public transport the Integrated 
Hierarchical Information Integration approach suggested by Oppewal, Louviere, and Timmermans (1994) was applied. Data 
were collected with separate stated choice sub-experiments in which service quality was described by several constructs. In each 
sub-experiment one of the constructs was replaced by several represented attributes. In this paper, results of a small sample of 
commuters and students are reported. Validity tests of the assumed hierarchical structure suggest that it seems possible to 
concatenate the sub-experiments into a single model. 
Keywords: discrete choice analysis; hierarchical information integration; integrated choice experiments; public transport; service quality 
1. Introduction 
The improvement of service quality has become a major issue for both public transport companies as well as 
public authorities amongst others due to the REGULATION (EC) No 1371/2007 on rail passengers’ rights and 
obligations. Besides fare and time, service quality comprises a variety of different attributes. An improved service 
quality can be seen as a means to increase the attractiveness of public transport. However, it goes in line with higher 
costs and fares which in turn reduce its attractiveness. 
It has become common practice to measure customer satisfaction or service quality without considering 
alternative modes of transport. It is assumed that higher service quality leads to higher customer satisfaction and, 
therefore, to increasing demand regardless of the alternative transport modes. Conversely, studies of transport mode 
choice which include alternative transport modes do not analyse service quality in detail. This is due to the fact that 
studies of transport mode choice usually are based on common stated choice analyses. This method only allows for 
the analysis of a rather restricted number of attributes. When there are too many attributes respondents suffer from 
information overload which leads to high dropout rates or biased results.  
One approach to handle a larger number of attributes is the method of ‘Hierarchical Information Integration with 
Integrated Choice Experiments’ (Oppewal, Louviere, and Timmermans 1994, Molin, Timmermans 2009), a variant 
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of the ‘Hierarchical Information Integration’ (Louviere 1984). It is based on the idea that respondents group similar 
attributes of choice alternatives into constructs. In separate sub-experiments choice alternatives are described by 
their associated construct values. In each sub-experiment one of the construct values is replaced by its represented 
attributes and their values. Before concatenating the separate sub-experiments into a single model it is necessary to 
test for process quality across the sub-experiments. 
To our knowledge there have been two applications of the Integrated Hierarchical Information Integration with 
tests for process equality. Oppewal, Louviere, and Timmermans (1994) tested the hypothesis of equal taste 
parameters in an application on consumer choice between shopping centres which included four constructs. They 
did not find evidence for equal taste parameters across the sub-experiments. Van de Vyvere, Oppewal, and 
Timmermans (1998) tested the hypothesis of equal taste parameters and equal scale parameters in an application on 
residential choice which included three constructs. There, the hypothesis of equal taste parameters was not rejected 
bust scale parameters differed across sub-experiments. 
In this paper the authors report on choice experiments which were applied to analyse the choice of travellers 
between a regional train and a (hypothetical) regional bus. In a previous paper Richter and Keuchel (forthcoming) 
presented results of a validity test of the assumed hierarchical structure which indicated that it seems possible to 
concatenate the sub-experiments into a single model. These results were based on the entire sample. In this paper 
the validity test is conducted for a smaller subsample which consists of commuters and students. 
2. Integrated Choice Experiments 
Discrete mode choice models have become widely used in transportation research. Based on random utility 
theory (McFadden, 1974) the basic choice model provides the probability that an individual chooses an alternative i 
as equal to the probability that the utility of alternative i is greater than the utility associated with alternative j of the 
choice set C: 
 Probi = Prob (Ui > Uj) ; i, j ג C. (1) 
 
Assuming a systematic utility component V and a random component ε leads to: 
 
 Prob (Ui > Uj) = Prob (Vi + εi > Vj + εj) = Prob (Vi - Vj > εj - εi); i, j ג C.  (2) 
 
According to Lancaster’s theory of consumer demand (Lancaster, 1970) an individual derives utility from the 
attributes of a good i. The systematic utility component then can be described as: 
 
 Vi = β Xi (3) 
 
where β is the vector of the taste parameters und Xi the vector of attribute levels of alternative i. Further, assuming 
the random components to be independently and identically extreme value type I distributed the likelihood of 
alternative i being chosen is: 
 
 Pi = exp (μ Vi) / ∑ jגC exp (μ Vj) = exp (μ β Xi) / ∑ jגC exp (μ β Xj), (4) 
 
where μ is a scale parameter that cannot be identified in a single data set and, therefore, is usually set to 1. The taste 
parameters of the multinomial logit model (MNL) can be estimated by maximum likelihood estimation (Ben-Akiva, 
Lerman, 1985). 
In transportation research both revealed preference data and stated preference data are analysed on the basis of 
this choice model. The most important reasons for the latter approach are that experimental designs allow for 
control over the covariance structure of the attributes of choice alternatives which are strongly correlated in revealed 
preference data. Furthermore, experimental designs can involve attributes of alternatives which cannot be observed 
in real markets. Conventional models, however, are limited to the analysis of choice situations involving small 
numbers of attributes. If there are many attributes in the choice experiment respondents suffer from information 
overload which leads to high dropout rates or biased results. For an in-depth analysis of the influence of the many 
attributes of service quality on the transport mode choice conventional models do not seem to be adequate. 
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Oppewal, Louviere, and Timmermans (1994) developed the integrated hierarchical information integration 
approach which allows for integrating numerous attributes into choice experiments. They assume that individuals 
simplify choices which involve many attributes by categorising them into subsets which represent decision 
constructs. In integrated choice experiments, hence named sub-experiments, all assumed subsets of attributes as 
well as the represented constructs are outlined to the traveller. In the choice situation of the sub-experiment the 
traveller then chooses between transport modes which are described by a profile of one set of attributes representing 
one of the constructs and the remaining constructs. In Figure 1 this is illustrated by the grey-shaded attributes and 
constructs. The systematic utility Vik of an alternative i in sub-experiment k can be written as 
 
 Vik = βk Xik + γk Gik; k ג K, (5) 
 
where β and γ are vectors of taste parameters related to attribute and construct levels, respectively, and X and G are 
vectors of attribute levels and construct levels, respectively. The probability of alternative i being chosen in sub-
experiment k is extended to:  
 Pik = exp [μk (βk Xik + γk Gik)] / ∑jגC exp [μk (βk Xjk + γk Gjk)]; k ג K. (6) 
 
As a result there are K utility functions derived from K sub-experiments. In order to derive a concatenated utility 
function Vi = β Xi, + γ Gi, where β is a concatenated vector β1, …; βK and γ is a concatenated vector γ = γ1, …, γK, it 
has to be tested that the sets of attributes actually represent the constructs. If the underlying hierarchical choice 
process is equal throughout the sub-experiments the taste parameters γk should be equal except for sampling error 
and differences in error variability across experiments. To account for the latter the test has to include differences of 
the scale factors. Though it is not possible to estimate the scale factor μ for a single data set relative scale factors 
can be estimated when concatenating data sets. Swait and Louviere (1993) and van de Vyvere, Oppewal, and 
Timmermans, H. (1998) suggest a two-stage test. First, the hypothesis of equal taste parameters is tested allowing 
the scale parameters to vary. 
 H1: γl = γk = γ. (7) 
 
Second, if H1 cannot be rejected, equality of scale parameters is tested. 
 
 H2: μ1 = μk = μ. (8) 
 
In both cases likelihood ratio tests can be used. To perform this test the data sets are concatenated and the 
parameter vectors constrained to be equal. Further, one of the scale factors is set to be 1 allowing a relative 
estimation of the others. Full information maximum likelihood estimates can be obtained by maximising the log-
likelihood function across all observed choice sets C in the sub-experiments.  
 
 LLμ = ∑n∑s∑jגC ynsjk ln (Pnsjk), (9) 
 
where ynsjk = 1 if mode j was chosen by traveller n in choice situation s in experiment k and 0 otherwise. 
 
Hypothesis H1 is tested using the likelihood ratio test statistic 
 
 λ1 =-2 (LLμ - ∑kגK LLk), (10) 
where  
LLμ is the log-likelihood value for the joint estimation of taste parameters allowing for relative variation of 
scale factors, 
LLk is the log-likelihood value for the separate estimation of taste parameters in sub-experiment k, 
λ1 is asymptotically chi-square distributed with degrees of freedom related to the restrictions imposed 
due to equal taste parameters γ minus K-1 scale parameters. 
 
Hypothesis H2 is tested using the likelihood ratio test statistic 
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 λ2 =-2 (LLp - LLμ), (11) 
where  
LLp is the log-likelihood value for the joint estimation of taste parameters with all scale parameters set  
to 1, 
λ2 is asymptotically chi-square distributed with K-1 degrees of freedom. 
 
If both hypothesis H1 and H2 are not rejected the hypothesis of equal variances and equal scale factors is 
supported. If only H2 is rejected it still can be concluded that construct parameters are equal. The relative scale 
factors are then taken as measures of differences in error variances between the sub-experiments which can occur 
due to different choice tasks. 
3. Research Design 
The selection of attributes to be analysed in this study was based on literature, interviews with experts of three 
railway companies, and an empirical pre-study. Literature provided a large number of potential attributes related to 
service quality in public transport. In expert interviews mostly policy related attributes were chosen, 32 in total. In 
an empirical pre-study train users were asked to group similar attributes and name these groups. Similarity data 
were analysed using Multidimensional Scaling (Bos, Molin, Timmermans, van der Heijden, 2003). The more often 
respondents grouped a pair of attributes in the same group the closer these two attributes were arranged to each 
other in a multidimensional space and vice versa. As a result three constructs were selected, namely ‘Quality of 
connection’, ‘Comfort’, and ‘Information’ to be included in the integrated choice experiment of the main study. The 
representing attributes, punctuality, interchanging, and frequency, cleanliness of train/bus toilet, cleanliness of 
train/bus inside, seat availability, and comfort of seats, timetable information at the platform/bus station, on-board 
information in the event of disturbances, information at the platform/bus station in the event of disturbances, on-
board information concerning connecting trains/buses, respectively, were included in the main study. Additionally, 
the total travel time and the fare were included which can be interpreted either as an attribute or as a construct, since 
fare and total travel time can be disaggregated into separate elements such as access time, in-vehicle time, 
interchanging time, and egress time. The relationship between the attributes and their representing constructs is 
illustrated in Figure 1. The gray shaded attributes and constructs were used in the sub-experiment ‘Quality of 
connection’. Analogously, the sub-experiments ‘Comfort’ und ‘Information’ were created. 
Figure 1. Relationship between attributes and constructs in the sub-experiments 
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The attribute levels were selected by the authors and the experts of the three railway companies. The attributes 
had two, three, and four levels, respectively (Table 1). The attribute levels of the fares were calculated for each 
respondent and represented 90%, 95%, 100%, 105%, and 110% of the respondent’s current fare. The attribute levels 
of the total travel time were calculated by adding +10 minutes, +5 minutes, +0 minutes, -5 minutes, -10 minutes to 
the current total travel time of the respondent. The levels of the three constructs were measured on a scale ranging 
from ‘-----‘(very bad) to ‘+++++’ (very good). In the sub-experiments three levels were used ‘--‘, ‘++’, and ‘++++’. 
This selection was in part taken to ease the choice task for the respondents. In the pre-test most of the respondents 
rated the quality of connection, the comfort, and the information of the current trip as good or very good. Therefore, 
the very low levels of the scale were deliberately left out in order to avoid totally unrealistic choice situations. All 
levels of attributes and constructs were varied randomly in the sub-experiments. 
4. Data 
Data were collected in the Westphalia area / Germany on board of local trains of three private train operators by 
means of computer assisted personal interviews during May and October 2010. Passengers were selected randomly 
by interviewers and asked if they were willing to participate in an interview during their current trip. In total over 
Table 1. Constructs, Attributes, and Attribute Levels 
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2000 interviews were collected. In this analysis data of 379 interviews were used. The sample was selected by the 
purpose of the journey, namely commuting and higher education, the fare (smaller than or equal to 15€), the total 
travel time (more than 15 minutes and smaller than or equal to 90 minutes) and the number of transport alternatives 
available for the current journey (train and (hypothetical) bus but no car). 
There were almost as many male as female respondents. Half of the respondents were between 18 and 30 years 
old. Around 80% of the respondents had a driving license and almost 90% held a season ticket and used the train a 
few times per week. The average fare for a journey was 3.03€, 3.71€ for commuters and 2.10€ for students. Since 
most of the respondents held a season ticket the fare for one journey was calculated by dividing the price for the 
season ticket by the number of journeys per month. The average total travel time was 57 minutes, 63 minutes for 
commuters and 52 minutes for students. 
The questionnaire was programmed in MS Access. Therefore, attribute levels in the sub-experiments could be 
created with reference to the attribute levels of the current journey of the respondents. This allowed for more 
realistic choice situations in the experiments. 
In the beginning of the interview respondents were asked to describe their current journey, especially the total 
travel time from origin to destination and the fare for the current (one-way) trip. Since most of the respondents held 
a season ticket, the fare was calculated as mentioned above. On the one hand this seemed to be an additional source 
or error. But on the other hand relating attribute and construct values to the current journey certainly enhanced the 
understanding of the task. In the second part of the interview respondents were familiarised with the constructs and 
their representing attributes. For each construct they were asked to rate three different profiles of attribute levels on 
a scale ranging from ‘-----’ (very bad) to ‘+++++’ (very good). In the third part of the interview respondents were 
randomly assigned to one of the three sub-experiments in which they had to make mode choices in five randomly 
created choice situations. In the final part of the interview respondents were asked some demographic questions and 
questions about their usual travel behaviour. 
5. Analysis and Results 
Data of the three sub-experiments were analysed using multinomial logit models with the NLOGIT software 
package (Version 4.0.1). For the three groups of respondents assigned to the sub-experiments separate utility 
functions were estimated. Effect coding was used for the attributes which represented a construct. If there were L 
levels of an attribute L-1 variables were created. The attribute levels were coded 1 in the corresponding variable and 
0 otherwise. The first attribute level served as a reference level and each of the L-1 variables were coded -1 in that 
case. Therefore, the estimated parameters related to the great mean and were uncorrelated with the alternative 
specific constants (ASC) (Bech, Gyrd-Hansen, 2005). The constructs were coded as continuous variables. The 
construct levels ‘-- ‘, ‘++’, and ‘++++’ were coded 4, 7, and 9, respectively, assuming a scale ranging from  
1 (‘-----‘) to 10 (‘+++++’). Effect coding of the constructs did not improve the models significantly. 
Estimation results for the taste parameters of the sub-experiment ‘Quality of connection’ are provided in Table 2. 
For each taste parameter the parameter value, the t-value, and the level of significance is shown. At the bottom of 
the table the log-likelihood value and the number of observations (choice situations) are provided. 
The constant was linked to the train alternative. There seems to be a systematic advantage of the train compared 
to the bus. The statistically significant constant had a positive sign. The parameters for the fare and the time were 
statistically significant and did have the expected negative sign. Utility decreases when fare and travel time, 
respectively, increase. The constructs comfort and information both had the expected positive sign, that is: the more 
comfortable the alternative the higher the utility and the more information the higher the utility. Both constructs 
showed statistically significant taste parameters.  
The parameters of the attribute levels relate to the great mean. The reference category was related to the first 
level which can be assumed to be the one from which travellers derive the highest utility. The taste parameters of 
the third levels of punctuality, interchanging, and frequency had statistically significant negative signs as expected. 
The taste parameters of the second attribute levels were very small. Since their relation to their standard error was 
rather small they were not statistically significant different from zero. In this sub-experiment all attributes levels 
were treated to be categorical, though one can expect the attributes to be continuous. Depending on the dimension 
of the attribute level and the functional form of the relation between the attribute and the derived utility these 
attribute levels were bound to be not significant. Therefore, they were kept in the model. 
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Estimation results for the taste parameters of the sub-experiments ‘Comfort’ and ‘Information’ are provided in 
Table 3 and Table 4, respectively. Almost all taste parameters showed the expected signs and were found to be 
statistically significant. Information in the event of disturbances seemed to be of relevance when displayed rather 
than announced. Though, with on-board information concerning connecting trains/buses it seemed to be the 
interaction rather than the main effects that influenced utility. 
 
 
Table 2. Estimation of Taste Parameters: Sub-Experiment ‘Quality of connection’ 
     
  Parameter t-value Significance  
Train constant  0.4518 4.976 0.0000 
Fare  -0.8085 -3.341 0.0008 
Time  -0.0601 -6.419 0.0000 
Punctuality on time or up to 3 min. late 0.2406   
 3 to 10 min. late 0.1221 1.321 0.1865 
 10 to 20 min. late -0.3627 -3.900 0.0001 
Interchanging no interchange 0.4386   
 1 interchange with guaranteed connection -0.1348 -1.465 0.1429 
 1 interchange without guaranteed conn. -0.3037 -3.322 0.0009 
Frequency every 30 minutes 0.6155   
 every 60 minutes 0.0609 0.668 0.5042 
 every 120 minutes -0.6764 -6.970 0.0000 
Comfort  0.1841 5.674 0.0000 
Information  0.0574 1.891 0.0586 
Log Likelihood value: -375.5913    
Number of choice situations: 698    
    
Table 3. Estimation of Taste Parameters: Sub-Experiment ‘Comfort’ 
     
  Parameter t-value Significance 
Train constant  0.7378 8.467 0.0000 
Fare  -1.0632 -3.844 0.0001 
Time  -0.0733 -8.488 0.0000 
Cleanliness of train/bus 
toilet 
clean 0.0712   
dirty 0.0492 0.583 0.5596 
no toilet -0.1203 -1.479 0.1391 
Cleanliness of train/bus 
inside 
clean 0.1172   
floor is sticky, paper lies on the seats -0.1172 -2.015 0.0439 
Seat availability during the whole trip 0.6775   
during half of the trip 0.0568 0.665 0.5061 
no free seat -0.7343 -8.126 0.0000 
Comfort of seats comfortable 0.0201   
not comfortable -0.0201 -0.338 0.7351 
Quality of connection  0.1828 6.060 0.0000 
Information  0.0491 1.700 0.0891 
Log Likelihood value: -437.1968    
Number of choice situations: 846    
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When estimating taste parameters from the concatenated data sets of the three sub-experiments two scale factors 
were included in order to test differences in error variability between the sub-experiments. In the first stage the 
hypothesis of equal taste parameters was tested while allowing the scale parameters to vary. In a nested logit model 
(Hensher, Bradley, 1993) there was one constant, and one parameter for each the fare, the travel time, the construct 
‘Quality of connection’, the construct ‘Comfort’, and the construct ‘Information’ estimated. Further the parameters 
for the attribute levels were estimated. The full information maximum likelihood estimation also included the two 
scale parameters. In total this restricted model comprised 30 parameters whereas the three separate models 
comprised 37 parameters. Due to the difference of the estimated parameters in the unrestricted and the restricted 
model the critical value for the test statistic χ2 was 14.0671 at the 5 percent significance level with 7 degrees of 
freedom. The test statistic was: 
 
 λ1=-2 (LLμ - ∑ kגK LLk) = -2 (-1146.049- (-375.5913 -437.1968 -328.3517)) = 9.8192. (12) 
 
The hypothesis of the equality of the taste parameters was not rejected. In the second stage the hypothesis of 
equal scale parameters was tested. Therefore, the restricted model was re-estimated while setting all three scale 
parameters to 1. Due to the difference of estimated parameters in these two restricted models the critical value for 
the test statistic χ2 was 5.9915 at the 5 percent significance level with 2 degrees of freedom. The test statistic was:  
 
 λ2 =-2 (LLp - LLμ) = -2 (- 1147.7348 + 1146.049) = 3.3706. (13) 
 
The hypothesis of the equality of the scale parameters was not rejected. There were also separate tests of the two 
scale parameters conducted. Though both parameters were statistically significant different from 0 they had to be 
tested against 1. The student distributed Wald statistic was -1.7838 and -1.7896, respectively. Both values were 
smaller than the critical value t= |1.96| at the 5 percent significance level. The hypothesis of equal scale parameters 
and hence equal error variances of the three sub-experiments was not rejected. 
Table 4. Estimation of Taste Parameters: Sub-Experiment ‘Information’ 
     
  Parameter t-value Significance  
Train constant  0.7142 7.121 0.0000 
Fare  -0.6402 -2.495 0.0126 
Time  -0.0612 -6.273 0.0000 
Timetable information at 
platform/bus stop 
available 0.1184   
not available -0.1184 -1.807 0.0707 
On-board information in the 
event of disturbances* 
announcement effect 0.0092 0.133 0.8939 
display effect 0.1062 1.561 0.1185 
interaction effect 0.0035 0.052 0.9585 
Information at the platform/bus 
stop in the event of 
disturbances* 
announcement effect 0.0418 0.603 0.5468 
display effect 0.1965 2.776 0.0055 
interaction effect -0.0542 -0.792 0.4284 
On-board information concerning 
connecting trains/buses* 
announcement effect -0.0003 -0.004 0.9968 
display effect 0.0872 1.316 0.1883 
interaction effect -0.1895 -2.786 0.0053 
Quality of connection  0.2817 7.439 0.0000 
Comfort  0.2074 6.114 0.0000 
Log Likelihood value: -328.3517    
Number of choice situations: 623    
* Since only the display effect for information at the platform and the interaction effect for on-board information concerning connecting 
trains/buses seemed to be statistically significant only effect parameters are shown. 
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The results of the joint estimation of taste parameters of the concatenated utility function with equal scale 
parameters are provided in Table 5. The signs and levels of significance of the parameter estimates remain as they 
were found in the separate estimation.  
6. Conclusion and Discussion 
In order to analyse in detail the influence of many attributes of service quality on mode choice of travellers the 
Integrated Hierarchical Information Integration approach suggested by Oppewal, Louviere, and Timmermans 
Table 5. Joint  Estimation of Taste Parameters 
     
  Parameter t-value Significance  
Train constant  0.6317 11.965 0.0000 
Fare  -0.8110 -5.505 0.0000 
Time  -0.0646 -12.277 0.0000 
Punctuality on time or up to 3 min. late 0.2519   
 3 to 10 min. late 0.1215 1.285 0.1987 
 10 to 20 min. late -0.3735 -3.935 0.0001 
Interchanging no interchange 0.4534   
 1 interchange with guaranteed connection -0.1317 -1.406 0.1597 
 1 interchange without guaranteed conn. -0.3216 -3.458 0.0005 
Frequency every 30 minutes 0.6457   
 every 60 minutes 0.0589 0.634 0.5262 
 every 120 minutes -0.7045 -7.199 0.0000 
Cleanliness of train/bus 
toilet 
clean 0.0690   
dirty 0.0428 0.515 0.6066 
 no toilet -0.1117 -1.397 0.1625 
Cleanliness of train/bus 
inside 
clean 0.1166   
floor is sticky, paper lies on the seats -0.1166 -2.042 0.0412 
Seat availability during the whole trip 0.6796   
 during half of the trip 0.0424 0.507 0.6125 
 no free seat -0.7221 -8.189 0.0000 
Comfort of seats comfortable 0.0093   
 not comfortable -0.0093 -0.158 0.8742 
Timetable information at 
platform/bus stop 
available 0.1074   
not available -0.1074 -1.675 0.0940 
On-board information in the 
event of disturbances* 
announcement effect 0.0079 0.117 0.9067 
display effect 0.0986 1.482 0.1383 
interaction effect 0.0046 0.069 0.9446 
Information at the 
platform/bus stop in the 
event of dist.* 
announcement effect 0.0499 0.735 0.4623 
display effect 0.1841 2.671 0.0076 
interaction effect -0.0501 -0.746 0.4554 
On-board information about 
connecting trains/buses* 
announcement effect -0.0072 -0.105 0.9164 
display effect 0.0848 1.307 0.1912 
interaction effect -0.1853 -2.781 0.0054 
Quality of connection  0.2178 9.526 0.0000 
Comfort  0.1982 8.543 0.0000 
Information  0.0534 2.552 0.0107 
Log Likelihood value: -1147.7348    
Number of choice situations: 2167    
* See Table 4.    
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(1994), a variant of the Hierarchical Information Integration approach (Louviere 1984), was applied. In stated 
choice sub-experiments commuters and students had to choose between a regional train and a (hypothetical) 
regional bus. Data were collected with separate sub-experiments in which next to fare and travel time service 
quality of the modes was described by three constructs, namely ‘Quality of Connection’, ‘Comfort’, and 
‘Information’. In each sub-experiment one of the three constructs was replaced by its represented attributes. Choice 
data were analysed using multinomial logit models (MNL). By means of a two-stage likelihood ratio test taste 
parameters and scale parameters were found to be equal. This supports the hypothesis of process equality across 
sub-experiments. This empirical finding in the smaller but more homogenous sample is in line with previous results 
on the larger heterogenous sample which included travellers with many different journey purposes and suggests that 
it can be possible to concatenate separate sub-experiments into a single model. 
The selection of the attributes price and travel time can be derived straight forward from economic theory. 
Lancaster’s new economic theory of consumer behaviour allows for further attributes to be included. However, the 
question of which attributes to include remains an empirical one. In studies in which the Integrated Hierarchical 
Information Integration approach was applied the selection and grouping of attributes into constructs was based on 
literature research and expert interviews. This study is based on an empirical pre-study in which travellers were 
asked to group attributes according to their perceived similarities. Multidimensional Scaling was applied to derive 
constructs from many potential attributes of service quality of transport modes. Even though this is a heuristic 
method it probably has contributed to a rather consistent perception of attributes and their represented constructs in 
the sub-experiments.  
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